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We claim: 

si. A biodegradable polymer comprising the recurring 
monomelic units shown in formula I or II: 
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wherein: 

X is -O- or -NR' -\Mihere R' is H or alkyl; 

M, and M 2 are each independently (1) a branched or 

straight chain \liphat ic group having from 1-20 
carbon atoms; or\(2) a branched or straight chain, 
oxy- , carboxy- or Vnino-aliphatic group having 
from 1-20 carbon atoms; 

Y is -0-, -S- or -NR'-; \ 

L is a branched or straight\hain aliphatic group 

having from 1-20 carbon atoms ; 
R is H, alkyl, alkoxy, aryl , arylcxy, heterocyclic or 

heterocycloxy; \ 
the molar ratio of x:y is about l\ 

the molar ratio n: (x or y) is between about 200:1 and 
1:200; and \ 

the molar ratio q:r is between about 3y99 and 99:1; 
wherein said biodegradable polymer is biocompatible before 
and upon biodegradat ion . 

2. The polymer of claim 1 wherein each o\ M x and L is 
a branched or straight chain alkylene group. 



\ 



3 . The polymer of claim 1 wherein each of M l and L 
ha\ from 1 to 7 carbon atoms. 

The polymer of claim 1 wherein M L is an ethylene 
group tor a methyl -substituted methylene group, and L is an 
ethylene^ group. 

5. Vhe polymer of claim 1 wherein R is an alkyl 
group, an a\koxy group, a phenyl group, a phenoxy group, or 
a heterocyclqxy group. 

6. The polymer of claim 1 wherein R is an alkoxy 
group having from 1 to 7 carbon atoms. 



7 

group . 



The polymer of claim 1 wherein R is an ethoxy 



8 . The polymer o^f claim 1 wherein each of M x and M 2 
is a branched or straigl\ chain alkylene group. 

9. The polymer of clVim 1 wherein at least one of M 1 
and M 2 is an alkylene or alko^ylene group having a formula 
selected from the group consisting of -(CH 2 ) a -, -(CH 2 ) a -0-, 
and - (CH 2 ) a -0- (CH 2 ) b -, wherein ea\h of a and b is 1-7. 



10. The polymer of claim 1 wtterein at least or. of M L 
and M 2 has the formula: -CHR 2 -CO-0-CHfe 3 - , wherein R 2 and R 2 
are each independently H, alkyl, alkoxy, aryl; aryloxy, 
heterocyclic or heterocycloxy . 



11. The polymer of claim 1 wherein 
has from 1 to 7 carbon atoms. 



12. The polymer of claim 1 wherein X is \o- 




of M x and M 2 



13. The polymer of claim 1 wherein X is -NR\- 
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14. The polymer of claim 1 wherein: 
M L and M 2 are each an alkylene or alkoxylene 
group; 

L is an alkylene group; 
k X is -0-; and 

is an alkoxy group. 

15. Thdy polymer of claim 1 wherein the molar ratio x 
is about 1. 

16. The polymer of claim 1 wherein the molar ratio q 
is about 1:99 and>99:l. 

17. The polymeV^E claim 1 wherein each of x and y i 
about 1 to 1,000 

18. The polymer ofVlaim 1 wherein the molar ratio 
n: (x or y) is between aboiTt 100:1 and 1:100 

19. The polymer of clatfm 1 wherein said polymer is 
prepared by melt polymerization 

20. The polymer of claim 1 Vherein said polymer 
comprises additional biocompatibleXmonomeric units. 



21. The polymer of claim 1 wherVin said polvmer is 
soluble in at least one of the solvent^ selected from the 
group consisting of acetone, dime thylene\ chloride, 
chloroform, ethyl acetate, DMAC, N-methyl\pyrrolidone, 
dimethylformamide and dimethylsulf oxide . 



22. A process for preparing a biodegradable polymer 
comprising the recurring monomeric units of formula I or I 




Y— L-Y- 



O 

■fc-M!-x4- 



o 

R 



n 



O 



o 



{{(x-M r C^MrC^ 



R 

wherein: 

X is -0- or -NR\-, where R' is H or alkyl; 

M l and M 2 are eac\ independently (1) a branched or 

straight chaila aliphatic group having from 1-20 
carbon atoms; or (2) a branched or straight chain, 
oxy-, carboxy- oVamino-aliphatic group having 
from 1-2 0 carbon at^ls ; 

Y is -0-, -S- or -NR'-; \ 

L is a branched or straight chain aliphatic group 

having from 1-20 carboX atoms; 
R is H, alkyl, alkoxy, aryl , Naryloxy , hecerocyclic or 

heterocycloxy ; 
the molar ratio of x:y is about 

the molar ratio n: (x or y) is betv^en about 200:1 and 
1:200; and 

■--he molar ratio q:r is between about \: 99 and 99:1; 
wherein said biodegradable polymer is biocompatible before 
and upon biodegradation; wherein said biodegradable polymer 
is biocompatible before and upon biodegradation^ said 
process comprising the steps of: 

(a) reacting at least one heterocyclic ring\:ompound 
having formula III, IV or V: 
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wherein 

M x , M 2 and x\are as defined above, 
with an initiator having Che formula: 
\H-jY-L-Y-H, 

wherein Y and iXfire as defined as above, to form a 
prepolymer of formula VI or VII, shown below: 



fC— Mx— X->^ 
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_Ly-M 2 — IzHx-y.!— c4tt— y— l— y — [fc-MV-x-yc-M 2 — x)^3- 



15 



where 
def ir. 
f urzr. 
IV or 

VIZI: 



.n X, M 2# Y, L, R, y, <\and r are as 

:d ah eve; and 
:r reaching said prepolymer of formula III/ 

of formula 



rizh a phosphorodihalidate 



VIII 



o 

II 



halo — P— halo 
R 

where "halo" is Br, Cl or I;- and R is -as defined _ 
above, to form said polymer of formula I or II. 

23\ The process of claim 22 wherein each of M 2 and L 
is a branched or straight chain alkylene group having from 1 
to 7 carbofe atoms . 



24. TheXprocess of claim 22 wherein M x is an ethylene 
group or a metkyl- substituted methylene group, and L is an 
ethylene group. 

25. The process of claim 22 wherein R is an alkoxy 
group having from l\to 7 carbon atoms 



26. The process 
group . 



rlaim 22 wherein R is an ethoxy 



27. The process of claim 22 wherein each of M 1 and M 2 
is a branched or straight chain alkylene group. 

28. The process of claim\22 wherein at least one of H l 
and M 2 is an alkylene or alkoxyl\ne group having a formula 
selected from the group consisting of -(CH 2 ) a -, -(CH 2 ) a -0-, 
and - (CH 2 ) a -0- (CH 2 ) b -, wherein each\f a and b is 1-7 

29. The process of claim 22 wheVein at least one of ^ 
and M 2 has the formula: -CHR^CO-O-CHR 3 ^, wherein R 2 and R 3 
are each independently H, alkyl, alkoxy ,\ aryl , aryloxy, 
heterocyclic or heterocycloxy . 



,30. The process of claim 22 wherein each of M L and M 
has firom 1 to 7 carbon atoms. 

31. \ The process of claim 22 wherein X is -O- . 

32. Tke process of claim 22 wherein X is -NR'-. 

33. The process of claim 22 wherein: 
M l an^ M 2 are each an alkylene or alkoxylene 
group; 

L is an\ alkylene group; 
X is -0-\ and 
R is an aAkcJ^y group. 

34. The process W claim 22 wherein the molar ratio 
x:y is about 1. 

35. The process of Vlaim 22 wherein the molar ratio 
q:r is about 1:99 and 99:1> 

36. The process of claim 22 wherein each of x and y 
are about 1 to 1,000. 

37. The process of claim 2^2 wherein the molar ratio 
n: (x or y) is from about 100:1 to\ about 1:100. 

38. The process of claim 22 wherein said reacting step 
(a) takes place at a temperature about 0 to about +235°C. 

39. The process of claim 22 wherein said reacting step 
(a) takes place during a time between ab<\it 1 hour to seven 
days . 



40. The process of claim 22 wherein, ii\ said 
initiator, L is substituted with one or more additional Y-H- 
containing subs t i tuents , wherein Y is as define^ above. 



41. The process of claim 22 wherein a catalyst is 
pf^sent during said reacting step (a) . 

. The process of claim 22 wherein, during the 
polymerisation step (b) , an acid acceptor is present 

43. The process of claim 22 wherein said 
polymerization of step (b) takes place at a temperature 
between about \-40 and 150°C. 

44. The process of claim 22 wherein said 
polymerization of\step (b) takes place during a time of 
about 30 minutes tov24 hours. 

45. The process\pf claim 22 wherein said polymer of 
formula I or II is purMied by quenching a solution of said 
polymer with a non-solventpf or a partial solvent. 

46. A biosorbable suture comprising the polymer of 
claim 1. 

47. An orthopedic appliance, bone cement or bone wax 
for repairing injuries to boneNand connective tissue 
comprising the polymer of claim 

48. A lam nate for degradabl^or non-degradable 
fabrics comprising the polymer of craim 1. 

49. A coating for an implantable Vievice comprising the 
polymer of claim 1 



50. A biodegradable polymer composition comprising: 

(a) at least one biologically active substance and 

(b) a polymer having the recurring mono\eric units 
shown- in formula I or II: 



• 
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n 



wherein: \ 

X is -O- or -f^'-, where R' is H or alkyl; 

M x and M 2 are each independently (1) a branched or 

straight chaJ.n aliphatic group having from 1-20 
carbon atoms ;\^or (2) a branched or straight chain 
oxy-, carboxy-yj^ amino-aliphat ic group having 
from 1-20 carboto atoms; 

Y is -O-, -S- or -NR' 

L is a branched or straight chain aliphatic group 

having from 1-2 0 ceNrbon atoms; 
R is H, alkyl, alkoxy, a\l , aryloxy, heterocyclic or 

heterocycloxy; \ 
the molar ratio of x:y is aoput 1; 

the molar ratio n: (x or y) is\between about 200:1 and 
1:200; and 

the molar ratio q:r is between aWt 1:99 and 99:1; 
wherein said biodegradable polymer is biocompatible before 
and upon biodegradation . 

51. The polymer composition of claim \o wherein each 
of M L and L is a branched or straight chain a\kylene group. 

52. The polymer composition of claim 50 wherein M x is 
an ethylene group or a methyl -substituted methyle\e group, 
and L is an ethylene group. 



5X The polymer composition of claim 50 wherein R i s 
an alkyl\ group, an alkoxy group, a phenyl group, a phenoxy 
group, on a heterocycloxy group. 

54. The polymer composition of claim 50 wherein R is 
an alkoxy group. 

55. The polymer composition of claim 50 wherein each 
of M l and M 2 is a, branched or straight chain alkylene group. 

56. The polymer composition of claim 50 wherein at 
least one of M x andYM 2 is an alkylene or alkoxylene group 
having a formula selected from the group consisting of 
-(CH 2 ) a -, -(CH 2 ) a -0-, ^dL-(CH 2 ) a -0- (CH 2 ) b -, wherein each of a 
and b is 1-7 . \ H 

57. The polymer cortnposi tions of claim 50 wherein at 
least one of M, and M 2 has\the formula: -CHR 2 -CO-0-CHR 3 - , 
wherein R 2 and R 3 are each independently H, alkyl, alkoxy, 
aryl, aryloxy, heterocyclic W heterocycloxy. 

58. The polymer compositions of claim 50 wherein each 
of M t and M 2 has from 1 to 7 carnpn atoms . 

59. The polymer compos it ions \of claim 50 wherein X 

is -O- . 

60. The polymer compositions of Nplaim 50 wherein X 
is -NR' - . 



61. The polymer compositions of claijn 50 wherein: 
M L and M 2 are each an alkylene or \alkoxylene 
group; 

L is an alkylene group; 
X is -0-; and 
R is an alkoxy group. 



.62. The polymer compositions of claim 50 wherein the 
molar Vat io x:y is about 1, 

63. \ The polymer compositions of claim 50 wherein the 
molar ratib q:r is about 1:99 and 99:1. 

64. They polymer composition of claim 50 wherein each 
of x and y is \bout 1 to 1,000. 

65. The polymer composition of claim 50 wherein the 
ratio n: (x or y) r!^ from about 100:1 to about 1:100. 

66. The polymek (imposition of claim 50 wherein said 
polymer is prepared by^melt polymerization. 

67. The polymer composition of claim 50 wherein said 
polymer comprises additional biocompatible monomeric units. 

68. The polymer composition of claim 50 wherein said 
polymer is soluble in at leasyt one of the solvents selected 
from the group consisting of afcetone, dimethylene chloride, 
chloroform, ethyl acetate, DMAC\ N-methyl pyrrolidone, 
dimethyl formamide and dimethylsu\f oxide . 

69. The polymer composition o^f claim 50 wherein said 
biologically active substance is selected from the grcup 
consisting of polysaccharides, growth \f actors , hormones, 
anti-angiogenesis factors, interferons \r cytokines, and 
pro-drugs of these substances. 

70. The polymer composition of claim ^60 wherein said 
biologically active substance is a therapeutic drug or pro- 
drug. 



7.1. The polymer composition of claim 70. wherein said 
drug is selected from the group consisting of anti^ 



neoplastic agents, antibiotics, anti-virals, anti-fungals 
anti- inflammatories, and anticoagulants. 

72. The polymer composition of claim 71 wherein the 
anti -neoplastic agent is paclitaxel. 

73. The polymer composition of claim 50 wherein said 
biologically actiWe substance and said polymer form a 
homogeneous matrix\ 



74. The polymeir composition of claim 50 wherein said 
polymer is characterised by a release rate of the 
biologically active substance in vivo controlled at least 
partially as a function W hydrolysis of the phosphoester 
bond of the polymer durin\ 'biodegradat ion . 

75. An article useful for implantation, injection, or 
otherwise being placed totall\ or partially within the body, 
said article comprising a biodegradable polymer composition 
comprising : 

(a) at least one biologically active substance and 

(b) a polymer having the recurring monomeric units 
shown in formula I or II 
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wherein : 

X is -O- or -NR'~, where R' is H or alkyl; 
M, and M 2 are each independently (1) a branched\c 
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:raight chain aliphatic group having from 1-20 
caVbon atoms; or (2) a branched or„ s:txaight- chain, 
oxy\, carboxy- or amino -aliphatic group having 
from\l-20 carbon atoms; 
Y is -0-, AS- or -NR' -; 

L is a branched or straight chain aliphatic group 

having rrom 1-20 carbon atoms; 
R is H, alkyl ,\ alkoxy, aryl, aryloxy, heterocyclic or 

he t e rocyc lbxy ; 
the molar ratio W x:y is about 1; 

the molar ratio r\: (x or y) is between about 200:1 and 
1:200; and 

the molar ratio q:A is between about 1:99 and 99:1; 
wherein said biodegradab!)^polymer is biocompatible before 
and upon biodegradat ion . 

76. The article of cl4im 75 wherein each of M x and L 
is a branched or straight chadn alkylene group. 

77. The article of claim y5 wherein each of M x and L 
has from 1 to 7 carbon atoms, 

78. The article of claim 75 Vherein R is an alkyl 
group, an alkoxy group, a phenyl grajup, a phenoxy group, or 
a heterocycloxy group. 

79. The article of claim 75 wherein R is an alkoxy 
group , 

80. The article of claim 75 wherein ^ach of M x and M 2 
is a branched or straight chain alkylene group. 



81. The article of claim 75 wherein at least one of M L 
and M 2 is an alkylene or alkoxylene group havingya formula 
selected from the group consisting of -(CH 2 ) a -, -(yCH 2 ) a -0-, 
and - (CH 2 ) 3 -0- (CH 2 ) b - , wherein each of a and b is l\ 



82\ The article of claim 75 wherein at least one of 
and M 2 hks the .. formula i^rCHRl-CO-X>CHR 3 - , wherein- R 2 and R 3 
are each independently H, alkyl, alkoxy, aryl , aryloxy, 
heterocyclic or heterocycloxy . 

\ 

83. Th& article of claim 75 wherein each of M x and M 2 
has from 1 toy carbon atoms. 

84. The article of claim 75 wherein X is -0- . 



85. The article of claim 75 wherein X is -NR' - 
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The article lfi>f claim 75 wherein: 
M 1 and M 2 alrl each an alkylene or alkoxylene 
group ; 

L is an alkylene group; 
X is -0-; and^ 
R is an alkoxy\group . 



87. The article of c\aim 75 wherein the molar ratio 
x:y is about 1. 

88. The article of claiV 75 wherein the molar ratio 
q:r is about 1:99 and 99:1 

89. The polymer compositic^i of claim 75 wherein each 
of x and y is about 1 to 1,000 

90. The article of claim 75 v)herein the molar ratio 
n: (x or y) is from about 100:1 to ai3put 1:100, 



91. The article of claim 75 wherein said polymer is 
prepared by melt polymerization. 



92. The article of claim 75 whereiA said polymer 
comprises additional biocompatible monomelic units. 
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93 A The article of claim 75 wherein said polymer i s 
soluble in. at least one of the solvents . selected from the 
group consisting of acetone, dimethylene chloride, 
chloroform, Nethyl acetate, DMAC, N-methyl pyrrolidone, 
dimethyl formamide and dimethylsulf oxide . 

94. The article of claim 75 wherein said biologically 
active substance Vs selected from the group consisting of 
polysaccharides, growth factors, hormones , anti -angiogenesis 
factors, interferon^ or cytokines, and pro-drugs of these 
substances. \ 

95. The article \f ftlaim 75 wherein said biologically 
active substance is a tMrapeutic drug or pro-drug. 

96. The article of c\aim 75 wherein said biologically 
active substance is selected, from the group consisting of 
anti-neoplastic agents, antiBaotics, anti-virals, anti- 
fungals, anti - inflammatories , Vnt icoagulants , and pro-drugs 
of these substances. \ 

97. The article of claim 75 Wherein the anti- 
neoplastic agent is paclitaxel. \ 

98. The article of claim 75 wherein said biologically 
act.ive substance and said polymer fornXa homogeneous matrix. 

99. The article of claim 75 wherein said biologically 
active substance is encapsulated within sa^id polymer. 

100. The article of claim 75 wherein s^id polymer is 
characterized by a release rate of the biologically active 
substance in vivo controlled at least partialis as a 
function of hydrolysis of the phosphoester bondxof the 
polymer upon biodegradation. 
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lV 1 . The article of claim 75 wherein said article is 
adapted \for implantation or injection into the body of an 
animal . 

102. The^ article of claim 75 wherein said article is a 
microsphere 
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103. The article of claim 75 wherein said article 
results in minimal tissue irritation when implanted or 
injected into vasculated tissue. 

104. The article\of claim 75 wherein said article is in 
the form of a laminate\for degradable fabric. 

V k 

105. The article of \laplm 75 wherein said article is in 
the form of a biosorbable \uture, a material for repairing 
bone injuries, or a coating W an implant device. 

106. A method for the controlled release of a 
biologically active substance comprising the steps of; 

(a) combining the biologically active substance with a 
biodegradable polymer having the recurring 
monomeric units shown in formula I or II: 



O 



-fa-Mr-C-fc Y-L-Y 



n 



o 



o 




-{^X-M 2 -c)^X-M t -C 



wherein : 

X is -O- or -NR'-, where R' is H or alkyl; 
M l and M 2 are each independently (1) a branched or 
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straight chain aliphatic group having from 1-20 
carbon atoms; or (2) a branched or straight chain 
oxy-, carboxy- or amino-aliphatic group having 
from 1-2 0 carbon atoms; 
Y is\-0-, -S- or -NR' -; 

L is k branched or straight chain aliphatic group 

having from 1-20 carbon atoms; 
R is H, Silky 1, alkoxy, aryl, aryloxy, heterocyclic or 

heterocycloxy ; 
the molar rktio of x:y is about 1; 

the molar ratvio n: (x or y) is between about 200:1 and 
1:200; an* 

the molar ratio \g:r is between about 1:99 and 99:1; 
wherein said biodegradable polymer is biocompatible before 
and upon biodegradationX to form an admixture; 

(b) forming said ad\ikture into a shaped, solid 
article or microsphere; and 

(c) implanting or injecting said solid article or 
microsphere in vivoNat a preselected site, such 
that the solid implanted or injected matrix is in 
at least partial contact with a biological fluid. 



107. The method of claim 106 wherein each of R and L is 
a branched or straight chain alkylene, group . 

108. The method of claim 106 where\n R' is an alkoxy 
group . 

109. The method of claim 106 wherein each of M 1 and M 2 
is a branched or straight chain alkylene groi 

110. The method of claim 106 wherein at le\st one of M l 
and M 2 is an alkylene or alkoxylene group having V formula 
selected from the group consisting of -(CH 2 ) a - / -(0£{ 2 ) a -0-, 
and - (CH 2 ) a -0- (CH 2 ) b -, wherein each of a and b is 1- 



111. The method of claim 106 wherein at least onev,of M, 
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and M 2 has the formula: -CHR 2 -CO-0-CHR 3 - , wherein R 2 and R 3 
afve each independently H-, -alkyl, alkoxy, aryl-, aryloxy, 
heterocyclic or heterocycloxy . 

lY 2 . The method of claim 106 wherein each of M t and M 2 
has frona 1 to 7 carbon atoms. 

113. Yhe method of claim 106 wherein X is -0- . 

114. Th<k method of claim 106 wherein X is -NR'-. 

115. The method of claim 106 wherein: 

M 1 andW are each an alkylene or alkoxylene 
group ; \ 

L is an alkylene group; 
X is -0-; 

R is an alk\xy group. 

116. The method of cclaim 106 wherein the molar ratio 
x.*y is about 1. \ 

117. The method of claim. 106 wherein the molar ratio 
q:r is about 1:99 and 99:1. \ 

118. The polymer composit ion\of claim 106 wherein each 
of x and y is about 1 to 1,000. \ 

119. The method of claim 106 wherein the^molar ratio 
n: (x or y) is from about 100:1 to about\l : 100 . 

120. The method of claim 106 wherein ssaid polymer 
comprises additional biocompatible monomericVinits. 

121. The method of claim 106 wherein said osiologically 
active substance is selected from the group consisting of 
polysaccharides, growth factors, hormones, ant i -ancN ogenesis 
factors and other anti -neoplastic agents, interferon^ or 
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cytokines, and pro-drugs of these substances. 

\22. The method of claim 106 wherein the anti- 
neoplastic agent is paclitaxel. 

123. "The method of claim 106 wherein said biologically 
active substance is a therapeutic drug or pro-drug. 

124. The Vethod of claim 106 wherein said drug is 
selected from tile group consisting of chemotherapeutic 
agents, antibiotics , anti-virals, ant i-f ungals , anti- 
inflammatories, an$ anticoagulants. 

125. The methodXof claim 106 wherein said biologically 
active substance and a^aid* polymer form a homogeneous matrix. 



12 6. The method of ^laim 106 further comprising 
encapsulating said biologically active substance within said 
polymer . 

127. The method of claim\l06 wherein said polymer is 
characterized by a release ratX of the biologically active 
substance in vivo controlled atvLeast partly as a function 
of hydrolysis of the phosphoesten bond of the polymer upon 
degradation. 

128. The method of claim 106 wl^erein said article is 
non-toxic and results in minimal tissxie irritation when 
implanted or injected into vasculated Vissue. 

129. The method of claim 106 wherein said article is in 
the form of microspheres. 

130. The method of claim 106 wherein sVid article is in 
the form of a laminate for degradable fabric 



131. The method of claim 106 wherein said\ polymer 
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compos itibn^is used as a coating for an implant. 

132. The method Oi^laim 106 wherein the polymer 
composition is used as a ba^ier for adhesion prevention 



133. The method of claim 106 wherein said polymer 
composition is fabricated as a tube for nerv^generation 
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